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Abstract  
 
Red sandalwood contains Cd, Fe, Ni, Mn, C, S, H elements.  ICP-MS results indicate 
that the red sandalwood contains Ni (61.877), Cu (281.256), Ba (3722.064) and Sr 
(6365.482) ppm elements respectively. It has partial semi conducting nature.  EPR spectrum 
of the sample is due to Fe(III) in tetragonal distortion and its ash sample also contains Mn(II) 
in addition to Fe(III). The g values obtained for Fe(III) in the sample are 6.52, 2.63 and 1.92 
respectively. The observed g and A values for Mn (II) are 1.990 and 88.5 G respectively.  
Mn(II) may be low in concentration in the sample. Optical absorption spectrum clearly 
indicates the presence of both ferric iron and Ni(II) in octahedral geometry. NIR Spectrum is 
due to carbonate overtones and harmonics and water fundamentals. 
 
1.1 Introduction  
 
 Cuddapah basin is rich in minerals and natural forest resources.  A variety of trees, 
medicinal plants and rare species are present in this region.   Many forest resources of this 
area have concentrated certain specific minerals in specific plants or trees.  It is very 
interesting to note that red sandals are grown mostly in this area only.   
  
 Locally red sandalwood is known as Rakta Chandanam and its Botanically name is 
PTEROCARPUS SANTALNUS.   In India it has been used as talcum powder since early 
period of civilization. Local people use red sandalwood in the preparation of certain 
household articles and agricultural tools though the other wood varieties of durable quality 
are available in an inexpensive rate. Furniture is also made using this variety of wood rarely. 
 
 Wood samples are abundant in organic and inorganic compounds.  The physical and 
chemical properties depend on the structure and composition.  The variation in composition 
also affects the structure. In the present investigation an attempt has been made to study its 
structural properties by electron paramagnetic resonance (EPR) and optical absorption 
studies. 
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 Recent advances in micro beam analytical techniques provide the determination of 
trace elements in compounds at ever increasing sensitivity (ppm or ppt) and resolution.  EPR 
spectroscopy is a powerful structural probe for detecting trace elements with unpaired 
electrons and their structural environment.  Further, inductively coupled plasma mass 
spectrometry (ICP-MS) provides the composition of elements present in the sample up to 200 
ng/mL.  
 
 No EPR and optical spectroscopic investigation of red sandalwood was reported 
earlier so as to understand the structural behaviour of transition metal ions present.  In the 
present investigation the authors made an attempt to study the characteristics of red 
sandalwood by employing ICP-MS, CHNS scan, optical absorption spectroscopy, EPR and 
suitable electrical methods. 
 
1.2 Experimental  
 
 A red sandalwood sample of about 30 cm long and about 10 cm width was collected 
from Ramapuram mandal, Cuddapah district of Andhra Pradesh, India and was dried in an 
open air for three years This sample was cut into different shapes depending upon the 
experimental requirement.  The sample is converted into fine powder by grinding in agate 
pestle and mortar and it was used for elemental analysis, EPR, Optical absorption, optical 
transmittance and electrical studies.  The sample was also converted into ash using silica 
crucible by heating at 650 °C for two days in an electrical furnace.  Sample yielded 14.25 
grams of ash white in colour per kilogram of wood sample. Carbon, hydrogen, nitrogen and 
sulphur (CHNS) analye carried out on the sample and its ash. The results are given in Table 
1. 
 
Elemental analysis was made using a Perkin Elnier SCIEX, Model ELANR DRS 11 
ICP- Mass Spectrometer (ICP-MS) (Toronto, Ontario, Canada) .  EPR spectra of both ash and 
the sample in powder form were recorded at room (RT) and liquid nitrogen temperature 
(LNT) on a Varian E-112 EPR spectrometer operating at X - band frequencies (υ = 9.3985 
GHz) having 100 kHz field modulation and phase sensitive detection to obtain first derivative 
spectra.  The optical absorption spectra of the wood sample and its ash sample and similarly 
transmittance spectra of the red sandalwood were recorded at room temperature on Carey 5E 
UV-Vis-NIR spectrophotometer in mull form in the range 200 - 2500 nm.   
 
Band component analysis was undertaken using the Jandel “PEAKFIT” software 
package which enabled the type of fitting function to be selected and specific parameters to 
be fixed or varied accordingly.  Band fitting was carried out using a Gauss-Lorentz cross 
product function with the minimum number of component bands used for the fitting process.  
The Gauss-Lorentz ratio was maintained at values greater than 0.7 and fitting was undertaken 
until reproducible results were obtained with squared correlations of r2 greater than 0.995.   
 
The powder sample was introduced into a small cylindrical cavities/covets made of 
plastic made having electrodes in opposite sides.  Two such covets were prepared with 1cm x 
0.2 cm and 1,5 cm x 5 cm.  Further raw wood sample 1 x 1 x 1 cm3 was taken and two very 
fine iron electrodes were introduced on opposite directions without touching one another. 
These were used to study volt-ampere and resistance measurement characteristics by 
applying a d.c. power supply from 0-300 V. 
 
 
Results and analysis 
 
2.1 General measurements 
 
 When a small covet filled with fine powder of red sandalwood in compact is subjected 
to a d.c. power supply of 0-10 V it is exhibiting a resistance of 12 kΩ and raw wood is 
showing 250-270 kΩ/cm-3 within 0-300 V range.   In solution form it is offering a resistance 
of 25-27 kΩ per 100 ml. These measurements indicate that the sample is partially conducting 
nature. 
 In acetone solvent is coloured when the solvent is treated with the sample. But no 
other solvent has shown marked effect on the colour.  Further the sample is completely 
dissolved in 69.71% concentric nitric acid.  The density of the sample is 0.852 gm/cc.  It is 
comparable with the density of oak wood is 0.6 to 0.7 gm/cc.  Young’s modulus for teak 
wood is 1.6 to 1.8 x 1011 dy/cm2 whereas for red sandalwood is 2.3 to 2.7 x 1011 dy/cm2.  The 
hardness of the sample is found by streak method and it lies in between 4.5 to 5.5. 
 
2.2 ICP-MS sample results 
 
  SY-2, a syenite rock reference material was dissolved in the same way as the sample 
for ICP-MS analysis as a calibration standard.  This standard sample is well characterized and 
is a certified sample for most of the trace elements including rare earth elements [1]. A full 
mass scan (m/z 45 – 239) is carried and is used for quantification.  A responsive curve (signal 
intensity vs mass to charge ratio) is obtained using a multi element standard solution for 
calibration of the ICP-MS.  The data presented on a reference sample along with the sample 
are given in Table 2 for both the samples. The elemental analysis of the compound indicates 
that small amounts of transition metals are present in it.  Copper and nickel are found in 
higher concentrations than other transition metals [1]  
 
2.3 EPR Spectral analysis: 
 
  
Fine powder of red sandalwood is transferred into a quartz tube for EPR 
measurements.  The powder EPR spectrum obtained at room temperature is given in Fig.1.  It 
contains a series of lines of various intensity and width.  The g values obtained for the three 
peaks are 6.52, 2.63 and 1.92 respectively.  The sharp line is due to the standard sample, 
DPPH, used for g factor calculations.  These three peaks can be attributed to Fe(III) impurity 
in the compound.  It is well known that Fe(III) samples exhibit a series of g values ranging 
from 0 to 8.  This is due to the fact that the three Kramer’s doublets |S=5/2> split into 
|S±5/2>, |S±3/2> and |S±1/2> separated by 4D and 2D respectively, here, D is the zero field 
splitting parameter.  Depending on the relative populations of these doublets, one observes g 
values ranging from 0 to 8.0.  Hence, the three g values observed for the present sample 
indicate that Fe (III) is under a strong tetragonal distortion [2].  
 
  The EPR spectrum of the ash sample is recorded and given in Fig.2 as A. The spectrum is 
entirely different compared from that obtained for red sandalwood sample.  An expanded 
version is also given in Fig.2 as B.   The spectrum consists of six hyperfine sharp lines on a 
broad line with a width of approximately 500 G.  The broad line is due to Fe(III) impurity.  In 
our earlier studies it is observed that heating the sample resulted in a simplification of the 
EPR spectrum. The paramagnetic impurity in the natural sample enters the lattice in various 
locations, which may not correspond to the lowest energy configuration.    After heating the 
sample, the impurity settles in the lowest energy configuration and the EPR spectrum will be 
simplified.  Hence in the present study, the ash sample indicates the impurity at the lowest 
energy position in the energy surface.                  
 The second part indicates the presence of Mn(II) impurity in the mineral.  Since 
Mn(II) belongs to S = 5/2 and is having 55 Mn with  a nuclear spin  of 5/2, one expects a 
sextet, corresponding to the transition |+1/2>  ↔ |-1/2> .  The other four transitions, that is 
|±5/2>  ↔ |±3/2 and  |±3/2>   ↔ |±1/2 are not seen due to large anisotropy.  The observed g 
and A values are 1.990 and 88.5 G respectively.  The absence of Mn(II)  signals in the 
original red sandalwood sample  may be due to its relative in low concentration.   
  
Optical spectral analysis 
 
2.4 Optical transmittance spectrum  
 
 The optical transmittance spectrum of the red sandalwood recorded at room 
temperature is shown in Fig.3.  Sharp absorption edges are observed around 350 nm and at 
800 nm.  The transmittance above the absorption edge decreases with increase of wavelength. 
The optical absorption coefficient (α) is evaluated from the relation ( ) ⎥⎦
⎤⎢⎣
⎡
−= 21ln
1
R
T
t
α   
Here T is the transmittance, 
         R is the reflectance and the t is the thickness of the sample. [3]. 
The absorptivities are found to be 2.78 x 10-4 cm-1 and 3.64 x 10-5 cm-1 at 350 and 800 nm 
respectively.  The absorptivity is found to obey the relation ( ) 21gEhAh −= υυα  for 
parabolic bands.  Here A is the edge-width parameter, Eg is the optical band gap and N 
depends on the type of the electron transition N which is set to be 2 for directly allowed 
transitions. [4]. The optical band gap values are obtained by extrapolating the linear portion 
of the plots of (αhν)2 vs hν to α = 0.  Fig. 4(a) and 4(b) show the plots of (αhν)2 vs hν.  High 
transmittance of 53% and 74% with optical band gaps of 3.55 eV and 1.55 eV are found to be 
corresponding to 350 nm and 800 nm wavelengths respectively. 
 
2.5 Optical absorption spectrum 
 
 Fig.5 shows the optical absorption spectrum of red sandalwood in the range 200-1200 
nm at room temperature whereas Fig.6 illustrates the optical absorption spectrum of red 
sandal wood ash.  Comparison of these spectra reveals characteristic similarities and 
differences. The overall spectral features in the UV-Vis region reveal similar general 
properties. The spectrum has all the features due to various electronic transitions involving 
nickel and iron.  The observations are in tune with the chemical analysis.  The original wood 
sample spectrum has bands at 9275,10515,12235,14555,17740,22755 and 33720 cm-1. The 
spectrum of ash sample exhibited energies at 8870,9710,10750,12240,14075,16220, 
23500,23605, 32635 cm-1.  The bands are divided into two sets for easy analysis as 8870, 
12240,14075, 19090, 23605 cm-1as first set and 12240,16220, 19090, 23500 cm-1 and 32635 
cm-1 as second set in ash sample where as, in red sandal wood sample 9275, 10515, 14555, 
22755 cm-1 as first set and 12235, 17740, 22755 and 33720 cm-1 as second set.  Octahedral 
Ni(II) complexes usually have three absorption bands in the UV-Vis region. [5].    
Accordingly the first set of bands observed at 23605(ν1), 14075 (ν2) and 8870 (ν3) cm-1 in ash 
sample and 22755(ν1), 14555 (ν2) and 9275 (ν3) cm-1 in wood sample are attributed to spin 
allowed transitions from the ground state 3A1g(F) → 3T1g(P), 3T1g(F) and 3T2g(F) states 
respectively. The energy expressions for these transitions are given below [6].   
3A1g(F) → 3T2g(F) : 15Dq+7.5B+6B(1+Δ)2      (ν1) 
3A1g(F) → 3T1g(F) : 15Dq+7.5B-6B(1+Δ)2       (ν2) 
3A1g(F) → 3T1g(P) : 10Dq                                    (ν3) 
 
Here Δ = (10Dq-9B)/12B, is of the order of 0.01. 
If we neglect the value of Δ, we get ν1- ν2 = 12B.  Using these expressions, values of 
Dq and B are calculated as 930 and 685 cm-1  for red sandalwood and Dq =970 and B= 795 
cm-1 for ash sample.  For the corresponding Dq/B value, the assignments of the other bands 
are made with the help of Tanabe Sugano diagrams.  With these assignments the energy 
matrices for d8 configuration are solved for different Dq/B and C.  The following values give 
best fit to the observed values.  Dq= 928, B=685 and C=2740 cm-1 for red sandal wood and 
for ash as Dq= 887, B=795 and C =3180 cm-1 .  The data of both the samples for Ni(II) in 
octahedral site are presented in Table  3. 
 
The second set of bands in wood and its ash sample are similar to ferric iron when 
present in other compounds [7].  Accordingly the band observed at 12235 cm-1 in wood 
sample and 12240 cm-1  in ash sample are assigned to the same transition  6A1g(S)→ 4T1g(G).  
whereas 17740 cm-1 in wood sample and 16220 cm-1 in its ash sample are also assigned to 
4T2g(G)’  The third at 22755 and 23500 cm-1 is assigned to 4A1g(G), 4E(G) transitions.  These 
energies are characteristic of Fe(III) ion occupying octahedral symmetry in the samples.  This 
is further supported by the EPR studies.  The band observed at 10750 cm-1 with a split 
component of  9710 cm-1is assigned to the transition 5T2g →5Eg for divalent iron in the ash 
sample. Using Tree’s correction α = 90 cm-1 [8], the energy matrices of the d5 configuration 
are solved for various B,C and Dq values.  The evaluated parameters which gave good fit and 
comparison between the calculated and observed energies of the bands are presented inTable 
4.  
 
3. NIR spectrum 
 
The near infrared spectra of red sandalwood and its ash sample is shown in Fig. 7 and 
Fig. 8.  Both the spectra are nearly the same.  The carbonate ion has six normal modes of 
vibration, the symmetric stretching mode ν1, which is infrared active, the out of plane 
bending mode ν2, the asymmetric stretching mode ν3 and in-plane bending mode ν4.  ν3 and 
ν4 are doubly degenerate.  The fundamental frequencies of −23CO ion are ν1 = 1063, ν2 = 879, 
ν3 = 1415 and ν4 = 680 cm-1 [9,10]  The spectra are attributed to −23CO overtone and 
harmonics and their assignments are presented in Table 5. 
 
 
4. Conclusion  
 
Red sandalwood contains ferric iron, nickel and copper.  The presence of ferric iron, 
nickel, copper and manganese in very low concentrations are also indicated in spectra  and 
hence manganese is also present in the original wood sample apart from cadmium whose 
presence is confirmed by qualitative analysis. The EPR studies indicate the presence of 
Fe(III) (g values 6.52, 2.63 and 1.92) in raw sample and in ash sample Fe(III) and  Mn(II) (g 
value 1.990 and A = 88.5G).  This indicates that iron is in strong tetragonal distortion. Optical 
absorption spectrum of the sample reveals characteristic features of Fe(III) in octahedral site 
in addition to Ni(II) which is also in centre octahedron. The NIR results are due to carbonate 
fundamentals. The results of optical and EPR investigations conclusively prove that the site 
symmetry of both Fe(III) and Ni(II) is an octahedral  environment.  CHNS and ICP MS 
elemental analysis clearly indicate that carbon, hydrogen, nickel, iron, barium are the major 
constituents of the compound. 
   Optical transmittance spectral studies indicate that the wood sample has two energy 
gaps which are around 350 nm and 800 nm. The NIR spectrum is due to carbonate overtones 
and harmonics. However still further work is needed to confirm the usefulness of wood 
sample in applications such as in the preparation of face creams, face powders, sunglasses, 
window layers, motor vehicle window glasses, in paints and in reactors as absorbers.   . 
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Table -1 
Elemental analysis by CHNS of red sandalwood and its ash. 
Name of the sample Nitrogen% Carbon% Sulphur% Hydrogen% 
Red sandal wood 
Red sandalwood 
ash (650 °C) 
Not found 
Not found 
24.62 
 2.07 
7.45 
Not found
5.04 
1.91 
 
Table 2 
Trace element concentrations (ppm) in red sandalwood and its ash sample obtained by 
ICP-MS in comparison to syenite 
Standard Syenite (SY-2) 
Conc. Mean (ppt) 
Conc. Mean (ppt) Element/ 
Analyte 
Mass  
measured 
Red sandal 
wood  
Ash  Red 
sandal 
wood   
Ash 
Sr 
V 
Cr 
Co 
Ni 
Cu 
Zn 
Ga 
Rb 
Sr 
Y 
Zr 
Nb 
Cs 
Ba 
La 
Ce 
Pr 
Nd 
Sm 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
Hf 
Ta 
Pb 
Th 
U 
45 
51 
52 
59 
60 
63 
64 
71 
85 
88 
89 
90 
93 
133 
148 
139 
140 
141 
142 
152 
153 
158 
159 
164 
165 
166 
169 
174 
175 
180 
`81 
208 
232 
238 
7.000 
  50.000 
    9.500 
    8.600 
    9.900 
    5.200 
248.000 
  29.000 
217.000 
271.000 
128.000 
280.000 
  29.000 
    2.400 
460.000 
  75.000 
175.000 
  18.800 
  73.000 
  16.100 
    2.420 
  17.000 
    2.500 
  18.000 
    3.800 
  12.400 
    2.100 
  17.000 
    2.700 
    7.700 
    2.010 
  86.000 
379.000 
284.000 
6.950 
  51.042 
    9.556 
    8.485 
    9.936 
    5.220 
248.397 
  28.507 
214.610 
270.167 
126.799 
277.054 
  28.924 
    2.388 
457.189 
  75.154 
173.829 
  18.675 
  72.689 
  15.672 
    2.347 
  16.669 
    2.496 
  17.804 
    3.719 
  12.247 
    2.080 
  16.721 
    2.668 
    7.484 
    1.987 
  84.488 
379.069 
283.625 
    3.175
  15.606
    6.123
    2.063
  21.331
  45.018
332.830
    0.540
  3.120 
114.162
    0.862
    8.952
    0.236
    0.216
146.158
    2.794
    5.413
    0.522
    1.821
    0.462
    0.121
    0.336
    0.049
    0.182
    0.044
    0.081
    0.026
    0.088
    0.027
    0.199
   0.018  
711.566
    3.536
    0.509
     6.446 
   38.378 
     8.750 
   22.531 
   61.877  
 281.256 
3 75.433 
     6.948 
   45.285 
6365.482 
    12.512 
    16.094 
      0.548 
      2.674 
3722.064  
     30.826  
     49.863 
       5. 254  
      19.755 
        5.322 
        1.374 
        4.070  
        0.458 
        2.441 
        0.411 
        1.057 
        0.161 
        0.967 
        0.166 
        0.473 
        0.012 
       80.944 
         5.040 
         2.682   
 
Table –3 
Observed and calculated band energies with their assignments 
Red sandalwood Red sandalwood ash 
Ni(II) in octahedral coordination 
Dq=928, B =685 and C= 2740 cm-1 Dq = 887 , B =795 and C = 3180 cm-1
Transitions 
from 3A1g(F) to  
Observed  
Cm-1 
Calculated  
Cm-1 
Observed 
cm-1 
Calculated 
cm-1 
3T2g(F) 
1Eg(D) 
3T1g(F) 
           1T2g 
3T1g(P) 
9275 
10515 
14555 
        - 
22755 
9280 
10671 
14662 
- 
23452 
8870 
12240 
14075 
19090 
23605 
8870 
12320 
14421 
20860 
24785 
 
Table -4 
Band headed data with assignments for Fe(III) in red sandalwood and its ash . 
Red sandalwood Red sandalwood ash 
Dq=900, B =600 and C= 2450 cm-1 Dq = 930 , B =600 and C = 2500 cm-1 
Wave number (cm-1) Wave number (cm-1) Wave 
length 
(nm) Observed Calculated 
Wave length
(nm) Observed Calculated 
Transition
from 
6A1g 
817 
 
564 
 
439 
 
297 
12235 
 
17740 
 
22755 
 
33720 
12234 
 
16057 
 
23026 
 
31430 
816 
 
616 
 
425 
 
306 
12240 
 
16220 
 
23500 
 
32635 
12238 
 
16083 
 
23276 
 
31780 
4T1g(G) 
 
4T2g(G) 
 
4A1g(G), 
4E(G) 
4A2g(G) 
 
Table -5 
Observed and calculated band energies with their  
assignments in the NIR Spectrum 
Red sandalwood Sandalwood ash 
Observed Observed Assignment 
nm cm-1 
Calculated 
cm-1 nm cm-1 
3ν3+2ν1+ 2ν2 
5ν3 
2ν1+ 2ν2 +2ν3 
3ν3+3ν4 
2ν1+ν2 +2ν3 
3ν2+2ν3 
ν2 +3ν3 
2ν3 +3ν4 
3ν2 +3ν4 
2ν1 +ν2+2ν4 
ν1 +2ν2+2ν4 
ν1 +ν2+ν3+ν4 
1229 
-- 
 
1482 
-- 
1731 
-- 
1957 
 
2075 
2153 
2309 
2394 
2470 
8135 
-- 
 
6745 
-- 
5775 
-- 
5105 
 
4820 
4645 
4330 
4177 
4048 
8129 
7075 
 
6714 
6285 
5835 
5467 
5124 
 
4870 
4677 
4365 
4181 
4037 
-- 
1417 
 
1505 
1596 
1729 
1830 
1943 
 
2062 
2140 
2309 
2392 
2485 
-- 
7057 
 
6645 
6265 
5785 
5465 
5145 
 
4850 
4670 
4330 
4180 
4024 
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